Adipocyte is not only a central player involved in storage and release of energy, but also in regulation of energy metabolism in other organs via secretion of peptides and proteins. During the pathogenesis of insulin resistance and type 2 diabetes, adipocytes are subjected to the increased levels of insulin, which may have a major impact on the secretion of adipokines. We have undertaken cleavable isotope-coded affinity tag (cICAT) and label-free quantitation approaches to identify and quantify secretory factors that are differentially secreted by 3T3-L1 adipocytes with or without insulin treatment. Combination of cICAT and label-free results, there are 317 proteins predicted or annotated as secretory proteins. Among these secretory proteins, 179 proteins and 53 proteins were significantly upregulated and down-regulated, respectively. A total of 77 reported adipokines were quantified in our study, such as adiponectin, cathepsin D, cystatin C, resistin, and transferrin. Western blot analysis of these adipokines confirmed the quantitative results from mass spectrometry, and revealed individualized secreting patterns of these proteins by increasing insulin dose. In addition, 240 proteins were newly identified and quantified as secreted proteins from 3T3-L1 adipocytes in our study, most of which were up-regulated upon insulin treatment. Further comprehensive bioinformatics analysis revealed that the secretory proteins in extracellular matrix-receptor interaction pathway and glycan structure degradation pathway were significantly upregulated by insulin stimulation.
Adipocyte is not only a central player involved in storage and release of energy, but also in regulation of energy metabolism in other organs via secretion of peptides and proteins. During the pathogenesis of insulin resistance and type 2 diabetes, adipocytes are subjected to the increased levels of insulin, which may have a major impact on the secretion of adipokines. We have undertaken cleavable isotope-coded affinity tag (cICAT) and label-free quantitation approaches to identify and quantify secretory factors that are differentially secreted by 3T3-L1 adipocytes with or without insulin treatment. Combination of cICAT and label-free results, there are 317 proteins predicted or annotated as secretory proteins. Among these secretory proteins, 179 proteins and 53 proteins were significantly upregulated and down-regulated, respectively. A total of 77 reported adipokines were quantified in our study, such as adiponectin, cathepsin D, cystatin C, resistin, and transferrin. Western blot analysis of these adipokines confirmed the quantitative results from mass spectrometry, and revealed individualized secreting patterns of these proteins by increasing insulin dose. In addition, 240 proteins were newly identified and quantified as secreted proteins from 3T3-L1 adipocytes in our study, most of which were up-regulated upon insulin treatment. Further comprehensive bioinformatics analysis revealed that the secretory proteins in extracellular matrix-receptor interaction pathway and glycan structure degradation pathway were significantly upregulated by insulin stimulation.
Introduction
Obesity has reached epidemic proportions globally, with more than 1 billion adults overweight (at least 300 million of them clinically obese) and is a major contributor to the global burden of chronic disease and disability [1] . Approximately 85% of people with diabetes are type 2, and of these, 90% are obese or overweight [1] . Obesity is associated with an increased risk of developing insulin resistance and type 2 diabetes [2] , implying that adipose tissue plays an important role in the development of these diseases [3] . It is widely accepted that besides its energy storage role, adipose tissue can initiatively regulate the functions of other tissues and organs through secreting endocrine and autocrine/paracrine factors (adipokines), such as leptin, adiponectin, and resistin [4, 5] .
Insulin is an anabolic polypeptide hormone that regulates carbohydrate metabolism and also has effects on fat metabolism [6] . It is secreted by the pancreas in response to the detected increase of blood sugar [7] . Insulin is also required for the transport of glucose, which is needed for re-esterification of the triglycerides once inside the adipocyte [8] . And adipokine secretion is responsive to afferent messages to the fat cells [9] . Under conditions of insulin resistance, fat cells are subjected to increased levels of insulin [10] . Insulin has a significant impact on protein secretion of 3T3-L1 adipocytes but not on transcription of secreted protein genes [10] .
Multiple proteomic approaches have been used to characterize secretome from pre-adipocyte cell lines, primary adipocytes, human adipose-derived stem cells, and adipose tissues [10] [11] [12] [13] [14] [15] . Utilizing one-dimensional gel, in-gel digestion, and direct in-solution digestion coupled with LC-MS/MS, Kratchmarova et al. [11] identified secreted proteins during the 3T3-L1 differentiation from pre-adipocytes to adipocytes. Through twodimensional gel and in-gel digestion, the proteins secreted during the adipogenesis of 3T3-L1 were also profiled [12] . In terminally differentiated 3T3-L1 adipocytes, insulin treatment induced the expression or secretion of a total of 27 proteins [10] . Using trypsin-digestion and 18 O-labeling approaches, about eight secretory proteins were successfully quantified in rat adipose cells treated with insulin [13] . Additionally, adipocytes have been a popular model for the study of cell differentiation since the development of the murine adipose 3T3 cell culture system by Green et al. [16] . Our efforts have been focused on elucidating the signaling pathways involved in the differentiation of 3T3-L1 cells [17, 18] .
Quantitative proteomic approaches, such as isotopecoded affinity tags (ICAT), stable isotope labeling with amino acids in cell culture and label-free quantitation (LFQ) methods, have been used to quantify the proteins from cells, tissues, and body fluids under different conditions [19] . ICAT quantitative proteome technique was first initiated by Gygi et al. [20] , and this method has been extensively used for quantitative proteomics [21] [22] [23] . On the other side, label-free protein quantitation methods are becoming promising methods in shotgun datasets, offering alternatives to stable isotope labeling methods [24] .
In this study, the cleavable isotope-coded affinity tag (cICAT) and label-free quantitative proteomic approaches were both used to identify and to quantify secretary proteins differentially expressed in mature 3T3-L1 adipocytes with or without insulin treatment. A total of 162 proteins by cICAT method and 1146 proteins by LFQ method were identified and quantified through rigorous data filtration. Combined with these two analysis methods, a total of 1161 proteins were quantified, among which 317 proteins are predicted to be secretory ones. And among these proteins, 179 were significantly up-regulated in differentiated 3T3-L1 adipocytes following insulin treatment, whereas 77 previously reported adipokines [10] [11] [12] [13] [14] 25] were also confirmed in our study. Further scrutiny showed that most of the secretory proteins, which could be classified into pathways involved in extracellular matrix (ECM)-receptor interaction and glycan structure degradation, were significantly upregulated upon insulin stimulation.
Materials and Methods
Cell culture and differentiation of 3T3-L1 pre-adipocytes The 3T3-L1 pre-adipocytes were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% calf serum and allowed to reach confluence. Differentiation of 2-day post-confluent pre-adipocytes (designated as Day 0) was initiated with 167 nM insulin, 1 mM dexamethasone, and 0.5 mM 1-methyl-3-isobutylxanthine (MIX) in DMEM supplemented with 10% fetal bovine serum. After 48 h (Day 2), the culture medium was replaced with DMEM supplemented with 10% fetal bovine serum and 167 nM insulin, and the cells were then fed every other day with DMEM containing 10% fetal bovine serum. Cytoplasmic triglyceride droplets were visible by Day 4, and cells were fully differentiated by Day 8.
Harvest secreted protein
Fully differentiated adipocytes (Day 10) are stimulated with 167 nM insulin for 4 h, then washed with PBS for three times (10 ml per dish each time) and DMEM without serum was added with 167 nM insulin staying for 4 h (4 ml per dish).The medium is harvested and centrifuged at 1800 g for 10 min to remove the cell debris. Then the medium is filtered using a 0.22-mm syringedriven filter (Millipore, Bedford, USA) to remove the floating adipose cells. Finally, the medium is ultrafiltrated by a centrifugal filter device with molecular weight cutoff 3 kDa (Millipore) into small volume. The unstimulated sample is harvested according to the same procedure described above without insulin stimulation.
Cleavable ICAT analysis
Cleavable ICAT analysis was performed using Cleavable ICAT TM reagent kit (Applied Biosystems, Foster City, USA) according to the manufacturer's guidelines with some modifications. For cICAT analysis, the protein samples were resolubilized in denaturing buffer (8 M urea, 4% CHAPS, and 100 mM Tris -HCl, pH 8.3). One hundred micrograms of the secreted protein sample from insulin stimulated adipocytes or from unstimulated adipocytes in 80 ml of denaturing buffer were reduced at 378C for 2 h with 5 mM tributylphosphine (Bio-Rad, Hercules, USA) and alkylated at 378C for 2 h in the dark with cICAT-light and cICAT-heavy reagent, respectively. After reaction, cICAT-light and cICAT-heavy reactants were mixed together and separated by the 5-15% gradient SDS-polyacrylamide gel. The separation was Adipocytes secretome regulated by insulin conducted at a current setting of 15 mA per gel for 1 h, and at 25 mA per gel thereafter until the bromophenol blue dye marker reached the end of the gel. Following the SDS-PAGE, Coomassie blue staining was performed. Protein patterns in the gels were recorded as digitized images using a high-resolution scanner (GS-710 Calibrated Imaging Densitometer; Bio-Rad).
In-gel enzymatic digestion Protein identification was performed as described previously with some refinements [26] . A total of 22 individual protein bands were excised from the gel and sliced to about 1 mm 3 gel pieces, and transferred into 1.5 ml siliconized centrifuge tubes. The excised gel pieces in every centrifuge tubes were destained for 2 h in 30% (v/v) acetonitrile (ACN)/100 mM NH 4 HCO 3 , until the gels became clear. Then they were kept in ACN for 20 min, and lyophilized. In-gel protein digestion using trypsin (Promega, Madison, USA) was performed overnight at 378C in 50 mM NH 4 HCO 3 containing 20 ng/ml trypsin. Gel samples were completely dried by vacuum centrifugation and re-suspended in trypsin solution on ice for 60 min. Excess trypsin solution around each sample was discarded, and gels were then covered with 150 ml of 50 mM ammonium bicarbonate. The peptides were sequentially extracted three times by 50% ACN with 0.1% trifluoroacetic acid with sonication in ice-cold aqueous solution and lyophilized.
LC-MS/MS
The LC-MS/MS was performed as described previously with some modifications [26] . All mass spectrometric experiments were performed using an on-line LC-MS/ MS setup consisting of a Surveyor LC system and Surveyor autosampler fitted to an LTQ ion trap mass spectrometer (Thermo, San Jose, USA) equipped with a microelectrospray ion source. The mass spectrometer was set up so that one full MS scan was followed by 10 MS/MS scans for the 10 most abundant precursor ions detected in the MS spectrum, with the following Dynamic Exclusion TM settings: repeat count, 2; repeat duration, 0.5 min; exclusion duration, 2 min. The temperature of the heated capillary was set at 1608C and the source voltage at 3 kV. The pump flow rate was split 1:100 for a column flow rate in the range of $1.5 ml/min. The column effluent was directly electrosprayed without further splitting. The in-gel digested samples were separated with the 180-min gradient as follows: 20 min of 100% buffer A, a 130-min gradient from 0 to 100% buffer B, a 1-min gradient from 0 to 100% buffer A, and 29 min of 100% buffer A. Reverse phase chromatography was performed on a C18 reverse-phase column (RP, 150 mm Â 100 mm, C18, 5 mm, 300 Å ; Column Technology, Fremont, USA). Mobile phase A was 0.1% formic acid in water, and B was 0.1% formic acid in ACN.
In solution digestion
The proteins were dissolved in 100 ml reducing buffer containing 8 M urea, 4% CHAPS, 100 mM Tris -HCl, pH 8.3 and 10 mM dithiothreitol. After incubation at 378C for 2 h, 2.5 ml of 1 M iodoacetamide was added to the protein solution and incubated in the dark for additional 30 min at room temperature. The sample was then buffer-exchanged to 100 mM ammonium bicarbonate, pH 8.5 and digested with trypsin (1/50 amount of the protein) at 378C overnight. A total of 300 mg proteins were used for each shot-gun mass spectrometry analysis.
2D LC-MS/MS
The integrated multidimensional liquid chromatography method was used for shot-gun mass spectrometry analysis [27] . The pH gradient buffer was obtained from Column Technology. A series of buffers with different pH values ( pH 3.0, pH 3.5, pH 4.0, pH 4.5, pH 5.0, pH 5.5, pH 6.0, pH 7.0, pH 8.0, and pH 8.5) were used for the ten pH step elution. All the parameters for 2D LC-MS/MS is set as described previously [28] .
Cleavable ICAT data analysis
The acquired MS/MS spectra were searched against the mouse International Protein Index (IPI) protein sequence database (Version 3.07, 43,300 protein sequences; European Bioinformatics Institute, http://www.ebi.ac.uk/ IPI/) using the TurboSEQUEST program in the BioWorks 3.2 cluster software suite. A 'decoy database' was prepared by reversing the sequence of each entry and appending this database to the forward database. SEQUEST was used with average mass for the precursor ions and monoisotopic mass for the fragment ions, a precursor mass tolerance of 3.0 Da, and a fragment mass tolerance of 1.0 Da. Trypsin (KR2) was selected as the enzyme with two potential missed cleavages. Only fully tryptic peptides were accepted in our database searching results. ICAT labeled cysteine (þ227.127 Da) was set as fixed modification, and oxidized methionine (þ15.9994 Da) and cysteine (þ9.0 Da) were searched as variable modifications. The false positive rate was controlled to be ,1%. To reduce the apparent redundancy Adipocytes secretome regulated by insulin in protein identification, our results were aligned by an in-house generated software (BuildSummary) tool using the following criterion: when the same peptide(s) were assigned to multiple proteins, the multiple proteins were clustered into a 'Protein group'. Furthermore, the peptides without cysteine or cysteine-containing peptides that could not be assigned to single protein group were discarded. Only those cysteine-containing peptides that can be identified to single protein group were sent to RelEx software as candidates for getting the ratio of light-peptide/heavy-peptide. For each cysteine-containing peptide exceeding the previous criteria, ion chromatograms were extracted from the Xcaliber data file for the m/z range surrounding the 12 C 9 -cICAT-labeled and 13 C 9 -cICAT-labeled peptide isotope distributions by Extract-chro program in RelEx software (Version 0.92). The RelEx parameters for chromatogram filters were set at: smooth point 7, minimum signal to noise ratio 3, the correlation coefficient !0.7 at ratio about 1 and !0.4 at ratio about 10. The proteins had to have at least two quantitative peptides after RelEx procession. After rigorous filtration, there were no singly charged peptides used in ICAT quantitation, and doubly charged peptides with Xcorr.2.15 and DCn.0.24 and triply charged peptides with Xcorr.2.85 and DCn.0.23 were used in ICAT quantitation.
Shotgun data and LFQ analysis
To address the analytical reproducibility, LFQ was performed to compare with cICAT quantitation. The protein database and software for database searching were mentioned above. Carbamidomethylcysteine (þ57.0215 Da) was set as fixed modification, and oxidized methionine (þ15.9994 Da) was searched as variable modifications. The false positive rate was also controlled to be ,1% in each sample. Then, the identified proteins had to have at least four peptide counts in either adipocyte or insulintreated adipocyte sample. After rigorous filtration, singly charged peptides with Xcorr. 
where LFQ, label-free quantitation; log 2 LFQ ratio is the log 2 ratio of abundance between secretory protein sample from adipocytes and insulin-treated adipocytes; n 1 and n 2 are peptide counts for the protein in samples 1 and 2, respectively; t 1 and t 2 are total numbers of peptide counts over all proteins in the two samples; and f is a correction factor set to 0.5 by Beissbarth et al. [29] . The LFQ ratio is calculated by the Equation 2:
LFQ ratio ¼ powerð2; log 2 LFQ ratioÞ: 
This formula computes the probability of observing exactly k secretory proteins belonging to a given pathway containing a total of u proteins, given that we have r (r ¼ 272) secretory proteins in the experiment and n (n ¼ 5671) proteins in the all of the mapped pathways.
Results 162 proteins were quantified by cICAT analysis After cICAT labeling, the labeled protein sample was separated by 5-15% gradient SDS PAGE, then the gel was excised into 22 bands. A total of 661 unique cysteine-containing labeled peptides were identified by in-gel digestion and LC-MS/MS, resulting in 361 proteins, then all the labeled peptides were processed by RelEx program. After rigorous criteria filtration, a total of 162 proteins with at least two quantitative peptides were quantified, and the MS/MS spectra were shown at http://www.abbs.info/fulltxt/41-11/supplementaryfig1.pdf. As shown in the normal quantile-quantile (Q-Q) plot of log 2 cICAT ratio [ Fig. 1(A) ], the distribution of log 2 cICAT ratio is similar to normal distribution. Combining with the results from SignalP 3.0 prediction and Swiss-Prot/TrEMBL database annotation and from GO annotation and PubMed database searching, 67 proteins (67/162, 41.36%) were predicted to be or be annotated as secretory proteins. Using a change of 1.5 folds as cut-off, 44 proteins (44/67, 65.67%) were found to be up-regulated, 18 proteins (18/67, 26.87%) had no change, and only five proteins (5/67, 7.46%) were down-regulated in the secretory proteins. All the detail information was listed in http://www.abbs.info/fulltxt/41-11/supplementarytables.xls. 1146 proteins were quantified by LFQ method As shown in Table 1 , the total MS/MS scan counts are 217,945 for secreted protein sample from adipocytes treated without insulin (Adi) and 231,679 for that from adipocytes treated with insulin (Ins), respectively. The total MS/MS scan counts shared strong similarity with each other (Ins/Adi ¼ 1.06), indicating there was only minor variation between the two sets of experiments. Employing a rigorous data filtration method, the false positive ratio is kept below 0.15%, suggesting the data used for LFQ are of high reliability. Database searching reveals that the MS/MS counts represent 34,826 and 32,878 peptides for Adi and Ins, respectively. With the satisfactory robustness analysis between the two samples (Ins/Adi ¼ 0.94), it is fairly viable that the data sufficed to do the LFQ. As shown in Table 1 , for secreted protein samples from adipocytes without insulin treatment, 1091 proteins were detected and 1009 of them containing at least four peptide hits. As for secreted protein samples from adipocytes treated with insulin, 956 proteins were detected with 691 proteins containing Figure 1 Normal Q -Q plot of log 2 cICAT ratio (A) and normal Q -Q plot of log 2 LFQ ratio (B) Q-Q: quantile-quantile. Figure 1(B) is the normal Q-Q plot of log 2 LFQ ratio, which indicated that the log 2 LFQ ratio was similar to normal distribution. Combination with the results from SignalP 3.0 prediction, Swiss-Prot/TrEMBL database annotation, GO annotation and PubMed database searching, 311 proteins are predicted or annotated as secretory proteins. Taken 1.9-fold change as a cut-off for regulation, in the 311 secretory proteins, 179 proteins (57.56%) were founded to be up-regulated, 84 proteins (27.01%) had no change and only 48 proteins (15.43%) were downregulated. All the detail information was listed in the http:// www.abbs.info/fulltxt/41-11/supplementarytables.xls.
Comparison with reported secretome
The profile of all proteins identified and quantified in our study has been compared with selected secretory proteomes or secretory proteins of adipocytes reported in the previous literatures. As shown in Table 2 , 77 reported secretory proteins (77/317, 24.29%) from adipocytes were also identified and quantified in our study. All of the 22 secretory proteins from 3T3-L1 adipocytes identified by Kratchmarova et al. [11] were also identified and quantified in our results (22 of the total 22 secretory proteins identified by Kratchmarova et al., 100%). A total of 39 secretory proteins from rat adipose cells identified by Chen et al. [13] were also identified and quantified in our results (39 of the total 84 secretory proteins identified by Chen et al., 46.43%). A total of 24 secretory proteins from 3T3-L1 adipocytes identified by Wang et al. [10] were also identified and quantified in our results (24 of the total 28 secretory proteins identified by Wang et al., 85.71%). A total of 25 secretory proteins from human adipose-derived stem cells identified by Zvonic et al. [14] were also identified and quantified in our results (25 of the total 29 secretory proteins identified by Zvonic et al., 86.21%). There were 134 secretory proteins predicted by SignalP overlapped between Adachi and coworkers' data [31] and our data.
Western blot analysis results
The western blot images were shown in Fig. 2(A) . The western blots were consistent with the results from quantitative mass spectrometry for the secretory proteins treated with or without 167 nM insulin, including adiponectin (LFQ: 1.256), cathepsin D (LFQ: 3.772; cICAT: 1.798), cystatin C (LFQ: 9.919; cICAT: 6.207), resistin (LFQ: 1.971; cICAT: 1.436), and transferrin (LFQ: 2.914; cICAT: 3.021). The mass spectra and RelEx results of protein resistin were shown in http://www.abbs. info/fulltxt/41-11/supplementaryfig3.pdf, which indicated the quantitative results from cICAT and LFQ were of high reliability. And the mass spectra and RelEx results of the other three proteins from cICAT method were shown in the http://www.abbs.info/fulltxt/41-11/ supplementaryfig3.pdf. After that mature 3T3-L1 adipocytes were treated with different doses of insulin, the quantity of secreted proteins changed in different patterns [ Fig. 2(B) ]. The protein quantity of adiponectin is uncorrelated with 0, 1.67, 16.7, and 167 nM insulin stimulation. Meanwhile, the secretion of cystatin C, cathepsin Q: non-secretory protein; S: secretory protein; cICAT: cleavable isotope-coded affinity tag; LFQ: label-free quantitation; Adi: secretome from 3T3-L1 adipocytes without insulin treatment; Ins: secretome from 3T3-L1 adipocytes with insulin treatment; n q : the number of cICAT Q-peptide; n Ins : the number of peptides identified in secretome from 3T3-L1 adipocytes with insulin treatment; n Adi : the number of peptides identified in secretome from 3T3-L1 adipocytes without insulin treatment. The coverage of these proteins was listed in http://www.abbs.info/fulltxt/41-11/ supplementary09192tables.xls. *From Mus musculus 12 days embryo embryonic body between diaphragm region and neck cDNA, RIKEN full-length enriched library, clone:9430060J01. N.A., not analyzed.
Adipocytes secretome regulated by insulin D, resistin, and transferrin were gradually up-regulated by the increasing insulin dose, ranging from 0 to 167 nM, but showed a varied pattern.
Pathway analysis results
Using software designed by us, the KEGG pathway database mapping results predict that a total of 272 secretory proteins could be classified into 85 pathways. By calculating the probability using the hypergeometric distribution Equation 3 mentioned in the experimental procedure section, the ECM-receptor interaction pathway (k ¼ 27, u ¼ 84; P ¼ 0) and the glycan structure degradation pathway (k ¼ 5, u ¼ 26; P ¼ 5.84E-3) were significantly enriched in the secretome of 3T3-L1 adipocytes. As shown in Fig. 3(A) , overall 27 proteins were quantified in the ECM-receptor interaction pathway. There were 16 secretory (16/27, 59.26% of the secretory proteins) significantly up-regulated by insulin stimulation, such as fibronectin, thrombospondins, collagens, dystroglycan, and tenascin. Only three proteins, including vitronectin, syndecan-4, and platelet glycoprotein IV, were down-regulated by insulin treatment. As shown in Fig. 3(B) , a total of five secretory proteins were mapped onto the glycan structure degradation pathway, and all of these proteins are glycosidase. Among these proteins, b-glucuronidase, lysosomal a-mannosidase, N(4)-(b-N-acetylglucosaminyl)-L-asparaginase, and b-hexosaminidase a chain were significantly up-regulated by insulin stimulation and annotated as secretory proteins by using Swiss-Prot/TrEMBL database and SignalP software. Only one protein named 'a-N-acetylglucosaminidase' was not changed by insulin treatment. All the detailed information of quantified proteins in ECM-receptor interaction and glycan structure degradation pathways was listed in http://www.abbs.info/ fulltxt/41-11/supplementarytables.xls, respectively.
Discussion
Secreted protein validation All of the proteins were predicted to contain a signal peptide based on the SignalP software algorithm [32] . A total of 84 proteins (84/180, 46.67%) and 29 proteins (29/101, 28.71%) that display a secretory signal peptide have been identified by two-dimensional liquid chromatography-tandem mass spectroscopy analysis of the rat primary adipocyte secretome [13] and by twodimensional electrophoresis/mass spectrometric analysis of undifferentiated and Day 9 huASCs secretomes [14] , respectively. The percentage of proteins with signal peptide from non-gel based method is much higher than gel based method. In our cICAT analysis, 41.36% (67/ 162) of the total proteins display a signal peptide, which is similar to the data (84/180, 46.67%) from twodimensional liquid chromatography-tandem mass spectroscopy analysis of the rat primary adipocyte secretome in the level of percentage and protein identifications.
All of the identified and quantified proteins in this study have been compared with the secretome of adipocyte in the literature. Substantially, there are many obvious overlapping proteins identified between our data and previous reports, further enhancing the high reliability of the secreted proteins we identified and quantified.
Western blot analysis revealed individualized secreting patterns of adipokines by increasing insulin dose Cathepsin D, cystatin C, resistin, and transferrin had both LFQ and cICAT quantitative results, which was consistent with western blot results. But adiponectin only had LFQ result, which is also consistent with western blot result, suggesting the LFQ result is also reliable. Because there are only two cysteine residues in the amino acid sequence of adiponectin, the probability of adiponectin identification is much less than the other four proteins by cICAT method.
Several studies have been carried out to investigate the effects of insulin on adipokines secreted from primary adipose cells or mature 3T3-L1 adipocytes [10, 13] . However, quantity change of adipokines induced by insulin treatment has not been systematically studied, which may have paramount biological implications. To gain better understanding of insulin effects on adipokines secretion, we used super unphysiological (167 nM) high level of insulin to treat mature adipocytes and applied proteomic and biochemical analysis. Different insulin concentrations were used in previous studies, including 67 nM by Chen et al. [13] and 1 mM by Wang et al. [10] . After comparing our proteomic data with these literatures, we propose that the insulin treatment with different concentrations may lead to variation of secretion profile, moreover, can affect the secretion quantity of some important adipokines. This proposal is well supported by our biochemical analysis. In our western blot results, the protein secretion of adiponectin was unchanged upon insulin stimulation, whereas some other secreted proteins, such as cathepsin D, cystatin C, resistin, and transferrin, displayed individualized secreting patterns by increasing insulin dose. Meanwhile, the expression of these protein genes were detected to be Adipocytes secretome regulated by insulin unaffected by insulin stimulation in a previous transcriptomic analysis by Wang et al. [10] , suggesting that these proteins are mainly modulated by insulin in the process of protein translation and secretion.
Considering the mouse physiological concentration of insulin, the various step-concentrations (167, 16.7, 1.67 nM) of insulin were used in the western blot analysis, which can serve as a simple but reasonable model of gradual hyperinsulinemia in vivo [33] . Here our data gives a hint to the mechanism of hyperinsulinemia and type 2 diabetes development, implying that increased secretion of many adipokines which involved in various dynamic biological processes may play a very important role in this process. Adipocytes secretome regulated by insulin ECM-interaction and glycan structure degradation pathway analysis In addition to 77 reported adipokines quantified in our study, there were 240 novel proteins secreted from 3T3-L1 adipocytes, most of which were significantly up-regulated by insulin stimulation. So which cellular metabolism pathways are affected by the elevated adipokines? To answer this question, we map our quantified proteins to the KEGG pathways. The results show that these adipokines are involved in many metabolism pathways, for example, ECM-receptor interaction pathway and glycan structure degradation pathway.
ECM components are essential for cell shape change, migration, proliferation, survival, and differentiation [34] . The ECM interacts with the cell surface by binding to specific receptors. In our study, high level of insulin stimulation changes the quantity of many adipokines involved in ECM-receptor interaction, which may have major impact on the intracellular signaling [35] . Among 28 proteins mapped on the ECM-receptor signal pathway, there are 11 collagen proteins. They belong to five types (type I-V) and they are major ECM components secreted to the medium. Other ECM components, like fibronectin, vitronectin, laminin, thrombospondin are also identified in our study. As our data shown, ECM components take up a major part of the proteins secreted from mature adipocytes. The point of view that insulin promotes adipocytes survival and anti-apoptosis through increased secretion of ECM components is consistent with previous studies [10, 12] . Moreover, abnormal synthesis of ECM components may contribute to vascular leakage in the diabetic retina [36] and also may contribute to islet fibrosis in diabetes [37] . Our data reconfirmed and reinforced findings of these studies, gathering and giving a hint of potential biological role of ECM in the development of diabetes.
Protein glycosylation may serve as one of the most important post-translational modification [38] . Most cell surface proteins or secreted proteins from cells or tissues are glycosylated [39] . Among the 317 quantified secretory proteins, 187 proteins are glycosylated or putatively glycosylated (187/317, 58.99%). Transcription profiling of 3T3-L1 cells treated with and without insulin revealed expression changes of several glycosylation-related genes [40] . In contrast, mass spectrometric screening analysis of the glycans from these cells revealed very similar profiles suggesting that any changes in glycosylation were most likely on specific proteins rather than a global phenomenon [40] . In our study, we have founded several up-regulated secretory glycosidases involved in glycan degradation pathway, for example, N(4)-(b-N-acetylglucosaminyl)-L-asparaginase, which cleaves the N-acetylglucosamine (GlcNAc)-Asn bond that joins oligosaccharides to the peptide of asparagine-linked glycoproteins and b-hexosaminidase, which is responsible for the degradation of GM2 gangliosides and a variety of other molecules containing terminal N-acetyl hexosamines (annotated by Swiss-Prot database). These results suggest a potential link between insulin and glycan reconstruction process in the extracellular space of adipocytes themselves, in addition, the results also indicated that the insulin stimulation might up-regulate the glycosidases secreted from adipocytes, and these secretory glycosidases might modify their glycan targets in other location through systematic circulation. So an extended proposal might be that the glycan reconstruction process may also play a role in the development of obesity and related diseases.
